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Abstract
Background: Core stability training has grown in popularity over 25 years, initially for back pain prevention or
therapy. Subsequently, it developed as a mode of exercise training for health, fitness and sport. The scientific
basis for traditional core stability exercise has recently been questioned and challenged, especially in relation
to dynamic athletic performance. Reviews have called for clarity on what constitutes anatomy and function of
the core, especially in healthy and uninjured people. Clinical research suggests that traditional core stability
training is inappropriate for development of fitness for heath and sports performance. However, commonly
used methods of measuring core stability in research do not reflect functional nature of core stability in uninjured,
healthy and athletic populations. Recent reviews have proposed a more dynamic, whole body approach to training
core stabilization, and research has begun to measure and report efficacy of these modes training. The
purpose of this study was to assess extent to which these developments have informed people currently
working and participating in sport.
Methods: An online survey questionnaire was developed around common themes on core stability training
as defined in the current scientific literature and circulated to a sample population of people working and
participating in sport. Survey results were assessed against key elements of the current scientific debate.
Results: Perceptions on anatomy and function of the core were gathered from a representative cohort of
athletes, coaches, sports science and sports medicine practitioners (n = 241), along with their views on
effectiveness of various current and traditional exercise training modes. Most popular method of testing
and measuring core function was subjective assessment through observation (43%), while a quarter (22%)
believed there was no effective method of measurement. Perceptions of people in sport reflect the scientific debate,
and practitioners have adopted a more functional approach to core stability training. There was strong support for
loaded, compound exercises performed upright, compared to moderate support for traditional core stability exercises.
Half of the participants (50%) in the survey, however, still support a traditional isolation core stability training.
Conclusion: Perceptions in applied practice on core stability training for dynamic athletic performance are aligned to a
large extent to the scientific literature.
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Key points
 Core stability training for healthy and athletic
populations has recently been questioned and
challenged in scientific literature. The narrow
definition of both the anatomy, spinal region
between pelvis and diaphragm, and the method of
training the core through the isolation of muscles in
this region does not relate to full body core function
that characterises dynamic athletic performance.
 The survey reveals that this is reflected in opinions
of people working and participating in sport. Half
of the participants identified the area between and
including the pelvic and shoulder girdles as the core.
Majority supported functional loaded exercises such
farmer’s walk (87%) and barbell squats (84%) as
effective exercises for the development of core
stability.
 Despite the support for a more functional approach,
selected traditional core stability training methods
do retain a certain amount of support; isometric
plank exercise (56%) and unstable stability ball
exercises (41%). Many respondents (42%) felt that
core function should be measured subjectively
through observation of sporting and or exercise
performance.
 Trunk is the preferred name of the anatomical
region for almost half (45%) the participants while
35% supported the term core.
Background
The absence of a universally accepted definition of core
stability (CS) is well noted in the scientific literature [1–8].
A number of these publications have proposed a defin-
ition, focussing either on function, anatomical constitu-
ents of the core or both. Several reviews have questioned
and challenged core stability training (CST) for prevention
and treatment of back pain [9–11] and for improvement
of function and performance in healthy and athletic popu-
lations [1, 5–7, 12–14]. There is a view [1, 7] that CST in
its current form evolved from clinical research [15] in
the 1990s. The application of a clinical exercise
approach in healthy and athletic populations has been
criticised, primarily on the basis that teaching an iso-
lated muscle pattern in uninjured athletes is unfounded
[6, 10, 16]. Despite this, CST as an intervention spread
to all exercise disciplines across clinical, fitness and
sports performance settings with significant commer-
cial interest and support [14].
Most review articles on this topic recognised that the
application of traditional CST in healthy and athletic
groups lack scientific justification [3, 7, 14, 17]. This re-
sulted in a body of research investigating CST in healthy
populations [18–22] along with aforementioned review
articles [1, 6, 7, 12–14]. Reviewers have noted that re-
search cannot progress this topic effectively until there
is a standardised agreement on the anatomical structure
and function of the core [1, 6, 7]. A further limitation re-
ported by most reviewers is the absence of a valid and
reliable test of core function [1, 12]. As a result most re-
search on the topic is methodologically limited [12, 13]
and therefore ineffective in confirming or challenging
the concept and practice of CST for health and per-
formance. A case has been made in the literature for
a more functional definition of anatomy of the core,
applicable to healthy and athletic populations [1, 8].
Similarly, it is proposed that the description of core
function is revised to encompass normal healthy and
athletic human movement [8].
Several comprehensive reviews over the last decade
have examined the research on the effectiveness of
various CST methods for athletic performance [1, 6, 7,
12–14]. Reviews covered the variations in CST including
instability training, trunk rotation exercises, functional
training and exercise intensity. Martuscello et al. pro-
posed a five core exercise classification system based on
their review of the research [6]. The categories were
traditional core exercise (sit-ups), core stability exercises
(isometric plank), ball or device exercises (stability ball),
free weight exercise (squat and deadlift) and noncore
free weight exercise (upper body). In a recent study con-
ducted in an applied performance sport setting, Spencer
et al. proposed a comprehensive spinal exercise classifi-
cation [2]. The classification incorporated static and
dynamic exercises that were either functional or
non-functional according to spinal displacement across
four physical outcomes: mobility, motor control, work
capacity and strength. Both studies [2, 6] clarify the
range and nature of core stability exercises used in
the literature and practice; however, there is concern
that many core stability intervention studies are di-
luted by other exercises and activities preventing a
clear assessment of impact of CST [7, 12, 13]. Fur-
thermore, in athletic populations, a reductionist ap-
proach or selective activation to improve integrated
function is unsubstantiated [1, 2, 7, 12].
The proposed protection against injury and improved
athletic performance from CST has been the subject of
many research studies and review papers. Silfies et al. con-
cluded that following a review of 11 studies, there was
limited evidence to support the use of CST to prevent
upper extremity injury and improve athletic performance
[3]. The authors questioned whether performance in core
stability tests reflected physical or athletic capability and
level of conditioning, rather than solely core stabilization.
Tests included the isometric front and side bridge,
single-leg raise [10], star excursion test [11] and closed
kinetic chain upper extremity stability test [12]. A
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systematic review conducted by Prieske et al. [12] con-
cluded that CST compared with no training or regular
sports-specific training does improve trunk muscle
strength measured predominantly by isometric plank.
However, increases in trunk muscle strength only had a
small effect on physical fitness and athletic performance
measures in trained individuals. CST compared to al-
ternative physical training methods in trained individ-
uals had little impact on trunk muscle strength,
physical fitness and athletic performance measures.
Both studies strongly suggest that high levels of gen-
eral fitness are associated with better performance in
CS tests and therefore a lower risk of injury and bet-
ter athletic performance test scores [3, 12].
Separating the core into smaller local and larger
global muscles has little bearing on core stability for
dynamic movement in healthy people. In Lederman’s
[10] words, this is an anatomical classification with
no functional relevance. The role the core plays in stabilis-
ing the body is dynamic and responsive to many postural
challenges that occur in normal movement and complex,
reactive environment of sport [14]. The concepts of core
strength and core stability have been reviewed the literature
[1, 5, 23]. Whether these are separate attributes [5] or
whether core strength is required for core stability [23] re-
main unresolved questions [1]. In this context, core
stability is an integrated, functional motor task [7, 24]
and training should reflect this according to movement pat-
terns [14, 24], forces [7, 24] and torque and velocity [8, 24].
A limitation identified by Prieske et al. [12] was the
lack of validity of tests used in most of the research.
Trunk muscle strength in most studies was measured by
timed isometric test (prone bridge) which, firstly, does
not reflect force and velocity of movement of dynamic
athletic activity [12]. Secondly, CST programmes in
many of the studies incorporated prone plank or similar
isometric exercises in the exercise intervention, which
rendered timed isometric prone plank an inappropriate
test of trunk muscle strength in these cases. Most
reviews conclude there is not a valid method of measur-
ing the effect of CST on trunk muscle strength within
the context of improving dynamic athletic performance
[1, 13, 14, 17, 25, 26]. As a result, many researchers have
resorted to using conventional performance tests such as
countermovement jump and sprint tests [12, 13, 27].
The first three levels of Martuscello’s [6] core exercise
classification system appear to contravene the estab-
lished overload training principle [28] when applied to
an athletic population. Traditional low load core exer-
cises, minimal range or isometric core stability exercises
and ball/device exercises are all characterised by low
force, low velocity and restricted range of movement.
Hence, these do not represent training overload in prep-
aration for activities that characterise most sports and
athletic events. Researchers have begun to investigate
trunk muscle activation in a number of dynamic, loaded free
weight exercises to determine their suitability for the devel-
opment of dynamic trunk strength and stability [29–37].
Surface electromyography methodology shows there is
good evidence that loaded exercises performed in a stand-
ing position are an effective method of overloading the
trunk stabilization system in a dynamic manner. While
several reviewers recognise this development [6, 7, 14], it
is best summarised by Wirth et al. (2016), ‘… we recom-
mend the use of classical strength-training exercises as
these provide the necessary stimuli to induce the desired
adaptations.’
The flawed foundations of CST for dynamic athletic
performance have been exposed in the scientific litera-
ture. Research is underway to better understand the
most effective training methods for the development of
trunk stability. The aim of this survey is to assess the
current perspectives of CST in the applied sports setting
to determine how well scientific literature informs these
opinions. Our hypothesis is that opinions of those who
work and participate in sport will reflect scientific debate
on key core stability training topics.
Methods
The online survey questionnaire (Additional file 1) was
developed around common themes on core stability as
defined in the current scientific literature. The online
survey was created and distributed using Bristol Online
Survey (BOS) tool (Tower Hill, Bristol, UK). The ques-
tionnaire comprised four sections: anatomy of the core,
function of the core, methods of measuring core func-
tion and methods of training the core. The survey con-
cluded with general questions about the application of
core strength training for dynamic athletic performance.
The survey question on the anatomy of the core is
based on definitions in the literature. We used the defin-
ition of local and global stabilization of intersegmental
spine proposed by Bergmark (1989) [38]; the passive
spinal column, active spinal muscles and neural control
unit as described by Panjabi [39]; axial skeleton between
pelvic and shoulder girdle including rib cage, spinal col-
umn and associated muscle and nerves proposed by
Behm et al. [8]; and lumbo-pelvic hip complex according
to Faries and Greenwood [23]. Categories of exercises
and selection criteria for CST used in the survey ques-
tion were drawn from published studies that investigated
muscle activation using these manipulations. The ques-
tion around core strength and core stability were based
on reviews of this topic [1, 7].
A pilot survey was conducted using the postgraduate
sports studies group (n = 20) at the University of Stirling.
The questionnaire was modified according to feedback
from the pilot survey. Approval for the study was granted
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by the local research ethics committee in accordance with
the Helsinki Declaration (2013) [40].
Participants
The survey was circulated using two methods: shared
with the principal authors’ 700 LinkedIn connections
and sent by email to 220 qualifying contacts. All recipi-
ents were asked to share the survey with all their
contacts that met the criteria of working or participating
in sport.
Statistical analysis
The data analysis was descriptive and frequency was pre-
sented in the tables as number and percentage (n (%)).
Data presented in Figs. 1, 2, 3 and 4 were analysed using
Kruskal-Wallis test to assess support for each statement
on 5-point Likert scale. Data presented as mean and
95% CI. Five-point scale is as follows: 1 = strongly agree
or very effective and 5 = strongly disagree or not effect-
ive at all. Significant differences were further analysed
using Dunn’s multiple comparison post hoc test. Priori
alpha level of significance was set at p < 0.05.
Results
Participants
The online survey was completed by 241 respondents from
a range of disciplines involved in sport (Table 1). The high-
est return by employment group was received from
strength and conditioning coaches (S&CC; 47%) followed
by athletes and players (A&P; 17%) and sport medicine
practitioners and physiotherapists (SM&P; 17%). A quarter
of the cohort were involved in sport at university or
school level (27%). A similar number (33%) were
working in professional sport, either with full-time
professional athletes (21%), or elite funded athletes
in institutes of sport (12%). Volunteers working in
recreational sport made up 15% while 9% were
semi-professional in part-time paid roles.
Responses to all questions were analysed for all re-
spondents (n = 241) and for each of the five demo-
graphic groups. There were no differences between
group responses and total cohort, so data are presented
and discussed for the total cohort.
The majority (87%) were qualified to degree level or
higher, 40% had masters or MSc degrees and 12%
had doctoral degrees. Most respondents (73%) re-
ported to have a discipline specific professional quali-
fication. Respondents reported to have been working
in their specific discipline for an average of 8 years
(range 0–36 years).
Fig. 1 Reported support for a series of statements relating to core
stability and core strength. Data are reported as mean level of
agreement with 95% CI. 1 = strongly agree, 5 = strongly disagree.
Significant differences p < 0.001: a vs b, a vs d, b vs d and c vs d. CI:
confidence interval
Fig. 2 Responses to a series of questions on the effectiveness of
selected categories of exercise in developing core stability for
dynamic athletic performance. Data are reported as mean level of
effectiveness with 95% CI. 1 = very effective, 5 = not effective at all.
Significant differences p < 0.001: a vs c, d, e, f, g and h; b vs c, d, e, f,
g and h; c vs d and f; d vs e, f and h; e vs f; f vs g and h; g vs h. CI:
confidence interval
Fig. 3 Responses to which criteria should inform exercise selection
for the development of core stability for dynamic athletic
performance. Data are reported as mean level of agreement
with 95% CI. 1 = strongly agree, 5 = strongly disagree. Significant
differences p < 0.05: a vs c, a vs d, b vs c, b vs d and c vs d.
CI: confidence interval
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Anatomy and name of the core
In response to the question on the anatomical region
that comprised the core, half of the respondents (50%)
identified the region between and including the pelvic
and shoulder girdles and associated muscles and nerves
(Table 2). Approximately, a quarter of respondents
(27%) identified the region between the diaphragm and
pelvic floor and associated muscles and nerves as the
core, while for 18%, this was the lumbar spine, pelvis,
hip joints and related muscles and nerves. Interestingly,
more participants (45%) felt that the region should be
called the trunk while 35% supported the term core and
18% preferred torso.
Methods of measuring core function
Respondents were asked to identify the most effective
method of measuring core stability in a healthy, unin-
jured person. Almost a quarter (22%) reported that there
was no effective method to test core stability. A number
(43%) of the respondents proposed subjective assessment
of core stability through observation. Of these, 17% sug-
gested observation of sport-specific movement or exer-
cise technique and 26%, observation of ground-based
loaded barbell exercises. Objective assessments were
proposed by 32% and included the timed isometric plank
(19%), functional movement screen (9%) and isometric
trunk bracing with biofeedback (4%).
Core function and core stability training
Core stability and core strength (Fig. 1)
The majority believed that core strength is required for
stability (mean 1.9, 95% CI 1.8–2.0, p < 0.001) and far
fewer agreed that these were separate attributes (mean
2.6, 95% CI 2.4–2.7, p < 0.001) (Fig. 1). Most participants
disagreed with the statement that core strength was re-
quired for athletic performance, but not everyday life
(mean 3.9, 95% CI 3.7–4.0, p < 0.001).
The effectiveness of certain exercise categories on CST
(Fig. 2)
The exercise categories deemed most effective in devel-
oping core stability for dynamic athletic performance
were (Fig. 2) squats and Olympic lifts (mean 1.7, 95% CI,
1.6–1.8, p < 0.001) and farmers walk (mean 1.7, 95% CI
Fig. 4 Responses to a series of statements relating to ground-based
loaded free barbell exercises and trunk muscle activation. Data are
reported as mean level of agreement with 95% CI. 1 = strongly
agree, 5 = strongly disagree. Significant differences p < 0.001: a vs b,
a vs d, b vs c, c vs d. CI: confidence interval
Table 1 (A) Employment and (B) education information presented for all respondents (total and group)
Total S&CC A&P SM&P SP&B SC
All respondents 241 114 (47) 42 (17) 41 (17) 24 (10) 20 (8)
A.
Academic, university or school sport role 66 (27) 29 (12) 10 (4) 11 (5) 10 (4) 6 (2)
Professional: full-time paid position, full-time paid athletes 50 (21) 37 (15) 0 (0) 9 (4) 3 (1) 1 (0)
Volunteer, recreational club sport 35 (15) 4 (2) 21 (9) 6 (2) 2 (1) 2 (1)
Elite professional: full-time paid position, funded, amateur
athletes (Institute)
30 (12) 15 (6) 1 (0) 4 (2) 7 (3) 3 (1)
Elite non-professional, part-time, regional or national athletes 30 (12) 16 (7) 5 (2) 7 (3) 0 (0) 2 (1)
Semi-professional: paid part-time position 22 (9) 9 (4) 2 (1) 3 (1) 2 (1) 6 (2)
Other 8 (3) 4 (2) 3 (1) 1 (0) 0 (0) 0 (0)
B.
MSc/Masters 96 (40) 51 (21) 7 (3) 20 (8) 13 (5) 5 (2)
Degree/Hons 84 (35) 41 (17) 17 (7) 9 (4) 7 (3) 10 (4)
PhD 28 (12) 10 (4) 2 (1) 10 (4) 4 (2) 2 (1)
Diploma 27 (11) 9 (4) 13 (5) 2 (1) 0 (0) 3 (1)
Other 6 (2) 3 (1) 3 (1) 0 (0) 0 (0) 0 (0)
Data presented as number and percentage (n (%)) of all respondents. Italics represent the highest response for the column
S&CC strength and conditioning coaches, A&P athletes and players, SM&P sports medicine practitioners and physiotherapists, SP&B sports physiologists and
biomechanists, SC sports coaches
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1.6–1.9, p < 0.001). Conversely, support was moderate to
low for traditional core stability exercises, namely sus-
pended compound exercises (mean 2.2, 95% CI 2.1–
2.3, p < 0.001), isometric plank (mean 2.5, 95% CI,
2.4–2.6, p < 0.001), hanging leg raise (mean 2.8, 95%
CI 2.7–2.9, p < 0.001) and instability abdominal exer-
cises (mean 2.8, 95% CI 2.7–3.0, p < 0.001). Partici-
pants identified two exercise categories that were
more ineffective than effective; abdominal bracing
(mean 3.2, 95% CI, 3.0–3.3, p < 0.001) and sit-ups
(mean 3.7, 95% CI, 3.5–3.8, p < 0.001).
The exercise selection criteria for effective CST (Fig. 3)
Correct movement pattern (mean 1.8, 95% CI 1.7–1.9,
p < 0.001) was identified as most important exercise selec-
tion criteria for development of core stability for dynamic
athletic performance (Fig. 3). Exercises characterised by
forces that were equal to or greater than the force in the
sport or event, were supported by 60% of the cohort
(mean 2.4, 95% CI 2.3–2.5, p < 0.05). Most were either un-
decided or disagreed on the importance of velocity of
movement (mean 2.6, 95% CI 2.5–2.8, p < 0.05) and
sustained isometric contraction (mean 2.7, 95% CI
2.6–2.8, p < 0.05) in core stability exercises for athletic
performance.
Ground-based free barbell exercises and trunk muscle
activation (Fig. 4)
Most participants agreed that increases in external load
in standing barbell exercises would increase trunk
muscle activation (mean 2.0, 95% CI 1.9–2.1, p < 0.001)
(Fig. 4). Equally important in this form of resistance
training was correct postural control (mean 2.0, 95% CI
1.9–2.2, p < 0.001). Slow controlled movement (mean
2.8, 95% CI 2.7–2.9, p < 0.001) and increases in velocity
(mean 2.6, 95% CI 2.5–2. 8, p < 0.001) of strength train-
ing exercises were not seen as important in eliciting
trunk muscle activation in ground-based free barbell
exercises.
Finally, results for the general questions on the appli-
cation of core stability exercises are presented on Table 3.
Most participants (85%) felt that it was appropriate to
include specific exercises to train core stability in
healthy, uninjured individuals. Less than half (45%) felt
that it was effective to exercise the core stabilisers in iso-
lation, while a majority (65%) agreed that core stability is
developed during normal progressive exercise training.
Discussion
Core stability training for healthy and athletic popula-
tions has been scrutinised and challenged in recent years
in scientific literature [6, 7, 10, 13, 41–43]. Descriptions
of the core by anatomic structures are entirely
dependent on the chosen definition of core function [1].
The original narrow definition presented in early re-
search focussed on the spinal region between the dia-
phragm and pelvis [44]. This approach identified
muscular and neural dysfunction associated with back
pain. Hence, core function was isolated to this region
and proposed training intervention isolated the involved
muscles. This approach did not transfer to healthy indi-
viduals and athletes where core function is obviously at
the centre of dynamic movement characterised by force
and velocity through the length of the body [10]. Core
stability described by Fletcher (2016), ‘…is the kinetic
Table 2 Responses to the question of what (A) anatomic region
makes up the core and (B) which term best describes this
anatomical region
Total
A.
The spine and the associated muscles and nerves 5 (2)
The lumbar spine, pelvic and hip joints and associated
muscles and nerves
43 (18)
The region between and including the pelvic and
shoulder girdles and associated muscles and nerves
120 (50)
The region between and diaphragm and pelvic floor
and associated muscles and nerves
65 (27)
Other 8 (3)
B.
Torso 43 (18)
Trunk 108 (45)
Core 85 (35)
Upper limb 0 (0)
Other 5 (2)
Data presented as number and percentage (n (%)) of all respondents. Italics
represent the highest response
Table 3 Answer to a series of questions about the application
of core stability
Total
Do you think it is necessary to include
specific exercises to train core stability
in a healthy, uninjured athlete’s exercise
programme?
Yes 206 (85)
No 30 (12)
Do not know 5 (1)
Do you think it is possible to isolate
and train the core stabilization system?
Yes 120 (50)
No 82 (34)
Do not know 39 (16)
Do you think it is effective to isolate
and train the core stabilization system?
Yes 89 (37)
No 108 (45)
Do not know 44 (18)
Do you think that the core stability is
automatically developed during normal,
progressive exercise training?
Yes 157 (65)
No 67 (28)
Do not know 17 (7)
Data presented as number and percentage (n (%)) of all respondents. Italics
represent the highest response for each question
Clark et al. Sports Medicine - Open  (2018) 4:32 Page 6 of 10
link transferring torques between the upper and lower
extremities in sporting actions’ [45]. Consequently,
constituent anatomy of the core is described in the
literature to reflect, i.e. region between and including
pelvic and shoulder girdles and associated skeleton,
muscles and nerves [1, 8]. Our survey results suggest
this shift has permeated applied sports setting; half of
the respondents agreed with this definition of the
core while a quarter identified with the original de-
scription, i.e. structures between diaphragm and pelvic
floor including muscles and nerves.
Surveys have been used effectively to assess nutri-
tion knowledge [46] and understanding of scientific
training principles [47] in the workplace. Response
rate to our survey (n = 241) was good in comparison
to similar surveys which gathered information from
both athletes (Wade et al., n = 57) [48] and people
working in sport (Taylor et al., n = 28) [49], (Durell et
al., n = 137) [47] and (Torres-McGehee et al., n = 579)
[46]. Furthermore, the representative quality of our
cohort is reflected by the spread of respondents, with
33% in full-time professional positions, either working
with professional athletes (21%) or full-time Institute
of sport athletes (12%). A quarter (27%) were involved
in sport in an academic setting, either school or uni-
versity and a quarter (27%) were in non-professional
roles, either volunteering (15%) or part-time (12%).
The majority were qualified to degree level (87%) and
half had postgraduate degrees (52%). Most had an
industry-specific qualification and on average were
well experienced (mean 8 years) in their discipline.
The cohort is therefore representative of people work-
ing and participating in sport. Furthermore, they were
reasonably well informed, indicating survey results
that represent unbiased perceptions of the wider
population.
Our survey investigated perceptions around core
stability and core strength (Fig. 1). The majority be-
lieved that core strength is required for stability and
far fewer agreed that these were separate attributes. In
a comprehensive review Hibbs et al. [1] concluded that
these two terms had yet to be clearly defined, in fact
they failed to identify any characteristics that differen-
tiated exercises for core strength and core stability.
These researchers reviewed studies that investigated
core stability in response to loaded resistance exercises
and traditional core stability exercises. A later system-
atic review proposed a five-level core exercise classifi-
cation system that progressed from traditional core
exercises to noncore free weight exercises [6]. Inter-
estingly the fourth classification level was free weight
exercises defined as ‘dynamic, externally loaded, intent
to activate lower body and core muscles’. Both these
reviews suggest that the concept of strength in the
term core strength relates to the overarching nature of
the exercise, rather than the impact on or adaptation
in the core stabilization system.
While core strength and core stability may well be
viewed by some in our survey as separate entities, this
has yet to be demonstrated scientifically [1]. The selec-
tion of exercises used to develop core stability for
healthy function can range from low load, minimal range
of movement, abdominal bracing exercises to dynamic,
loaded resistance exercises [6]. Research has not been
able to identify and describe adaptations that occur in
muscles responsible for stabilising the core as a conse-
quence of different exercise modes [1, 12]. It is recog-
nised though that effective core stability is the control of
movement, including high force and high velocity
movement, generated by interaction between axial and
appendicular skeletons [5, 7, 8]. Most survey responses
disagreed with the statement that core strength was re-
quired for athletic performance, but not everyday life.
This demonstrated alignment with the principle that
core stability underpins both healthy function and dy-
namic athletic performance. In effect core strength and
core stability are synonyms and are used accordingly in
the literature [1, 5, 23]. This is reflected in the survey
question seeking to determine whether core stability and
strength are separate attributes. Responses were mixed
with just over half (57%) in agreement and the rest ei-
ther undecided (16%) or in disagreement (27%).
In our survey questions that assessed support for ex-
ercise categories most effective in developing core sta-
bility for dynamic athletic performance, there was
clearly more support for functional, loaded exercises
(Fig. 2). Squats and Olympic lifts and farmers walk
that engage the full kinetic chain. Conversely support
was moderate to low for traditional, non-functional
core stability exercises, namely suspended compound
exercises, isometric plank, hanging leg raise, and in-
stability abdominal exercises. Two exercise categories,
namely abdominal bracing and sit-ups, were regarded
as ineffective rather than effective, The survey results
therefore reflect the many reviews that highlighted a
lack of evidence to support traditional CST for healthy
individuals and recommended loaded, dynamic exercises
that engage the full kinetic chain [1, 6, 7, 12–14, 45].
Correct movement pattern was identified as most im-
portant exercise selection criteria for development of
core stability for dynamic athletic performance (Fig. 3).
Exercises characterised by forces that were equal to or
greater than force in the sport or event, were supported
by 60% of the cohort. Most were either undecided or
disagreed on whether velocity of movement and sus-
tained isometric contraction were important in core sta-
bility exercises for athletic performance. Kibler et al.
(2006) accurately describes the exercise criteria for
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effective CST: ‘integrated activation of multiple seg-
ments’ providing ‘force generation’ that produces ‘inter-
active movement’ characterised by ‘proximal stability
and distal mobility’ [5]. Core stability development is
therefore integral to all dynamic exercise training and
sports specific movement, while quality of training effect
is determined by specificity of movement, forces and
velocity.
There is growing evidence in the literature that external
load in free barbell exercises performed in a standing pos-
ition is related to muscle activation of trunk stabilisers
[29, 30, 33, 34, 37, 50]. Impact of this stimulus on core sta-
bility in dynamic athletic performance is more difficult to
demonstrate. In a recent systematic review, Prieske et al.
(2016) reported a large effect for CST on trunk muscle
strength measured by timed isometric plank, compared to
no or only regular sports training [12]. When compared
to alternative training, such as whole-body strength train-
ing, CST had a small sized effect on trunk muscle
strength. CST had a small sized effect on muscle strength
(e.g. Squat 1RM), a medium sized effect on muscle power
(e.g. countermovement jump) and a small sized effect on
athletic performance (e.g. 5000 m run time). They con-
cluded that CST for healthy individuals, in the absence of
any other fitness training, would increase trunk muscle
strength. However, when combined with other training,
such as whole-body strength training, CST is not effective.
They also propose that increases in trunk muscle strength
from CST, has limited effect on physical fitness and athlete
performance in trained individuals. Findings from the sur-
vey indicate that this information has begun to inform ap-
plied practice (Fig. 4). Most agreed that increases in
external load in standing barbell exercises would increase
trunk muscle activation. Equally important in this form of
resistance training was correct postural control.
The survey included a series of questions (yes/no/do
not know) investigating perceptions on the application
of CST for dynamic athletic performance (Table 3). Most
(85%) of the cohort felt it necessary to include specific
exercises to train core stability in healthy, uninjured ath-
letes. With reference to traditional CST, two questions
were asked; whether it was possible to isolate and train
the core stabilization system, and whether this approach
was effective. Half of the group believed that this was
possible, 34% felt not and the rest were undecided
(16%). The isolated training approach was regarded as
not effective by 45%, and 37% were supportive. Prieske’s
review highlighted growing evidence that specific, trad-
itional CST is ineffective in healthy individual and ath-
letes [12]. They also that reported that regular sports
training and commonly used supplementary training,
such as whole-body strength training, presents superior
stimuli, that adhere to the overload training principle
[28], for development of core stability in this population.
Most survey respondents (65%) concurred with this by
agreeing that core stability is developed through normal,
progressive exercise training. The perception in applied
practice conflicts with scientific literature with regards
effectiveness of traditional core stability exercises for
athletic performance. The majority (85%) of survey re-
spondents believed that specific exercises were required
to train core stability and half supported the use of exer-
cises that isolated trunk stabilisers.
A limitation of the survey was the method of recruit-
ing participants through email and direct messaging on
an online professional community platform (LinkedIn).
Emails and notifications may have been filtered to spam
or junk folders and not reached intended participants.
Participants were directed to an online survey, which
may have served as a deterrent. Despite this, the number
and quality of participants was good in comparison to
similar surveys. A further limitation may well have been
the inconsistency of prevailing terminology around the
topic of CST and broader area of exercise and fitness.
Steps were taken to adhere to the most commonly used
terms from the scientific literature in the survey.
Conclusion
The survey has provided evidence that a revised, more
functional definition of core function and constituent anat-
omy described in the literature is starting to be used in the
practical setting. Almost half (45%) of the respondents pre-
ferred trunk as the name for this anatomical region over
core (35%). The absence of a valid objective method of
measuring core function (22%) means that the most effect-
ive way is through observation (43%) of exercise and ath-
letic movement. A quarter (26%) proposed subjective
assessment of movement in upright loaded resistance exer-
cises as the most effective method of measuring core func-
tion. This coincides with the strong shift in perceptions
towards more functional approach to core stability training
for dynamic athletic performance. Loaded exercises in an
upright position, such as barbell squat and farmers walk,
were viewed as effective training methods as proposed in
the literature [7, 8, 14]. Core stability as an integrated, func-
tional motor task [7], with training reflecting this according
to movement patterns [14], forces [7], torque and velocity
[8], appear to be guiding practice in the workplace accord-
ing to the survey. These findings along with strong support
for developing core stability through normal progressive
exercise training, means we found in favour of our hy-
pothesis. Some support remained for traditional CST
through specific exercises (85%) and the isolation ap-
proach (50%). Our findings lead to the following recom-
mendations: Research to continue into efficacy of
activating trunk stabilisers through selected sport specific
and supplementary training modalities, including com-
pound, loaded strength exercises. Continue to investigate
Clark et al. Sports Medicine - Open  (2018) 4:32 Page 8 of 10
the transfer of training induced trunk muscle activation to
functional performance, specifically functional stability.
Additional file
Additional file 1: Core Stability Survey. (PDF 103 kb)
Abbreviations
1RM: 1 Repetition maximum; CST: Core stability training; MSc: Master of
Science; S&CC: Strength and conditioning coaches; A&P: Athletes and
players; SM&P: Sport medicine practitioners and physiotherapists; SP&B: Sport
physiologists and Biomechanists; SC: Sport coaches
Acknowledgements
The authors want to thank John Taylor for his assistance in developing the
questionnaire and his suggestions for the circulation of the survey.
Funding
No funding was received for any stage of this research from design, data
collection, analysis, interpretation and preparation for publication.
Availability of data and materials
Appendix will include the survey questionnaire, and survey master results
document will be made available and labelled Additional file 1.
Authors’ contributions
DC conceived and designed survey with assistance from JT (Acknowledgements)
and ML. DC managed the data collection, survey circulation, data collation,
analysis and interpretation. Final analysis and interpretation for publication was
done by DC with assistance from ML and AH. All authors read and approved the
final manuscript.
Ethics approval and consent to participate
Approval for the study was granted by the local research ethics committee
in accordance with the Helsinki Declaration (2013) [40].
Consent for publication
Survey instructions informed participants of the details of the research study,
completion and submission implied consent.
Competing interests
David Clark, Mike Lambert and Angus Hunter declare that they have no
competing interests.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.
Author details
1School of Sport and Exercise Sciences, Faculty of Science, Liverpool John
Moore’s University, 102, 2 Moorfields, Liverpool L2 2BS, UK. 2Division of
Exercise Science and Sports Medicine, Department of Human Biology,
University of Cape Town, Cape Town, South Africa. 3Physiology, Exercise and
Nutrition Research Group, Faculty of Health Sciences and Sport, University of
Stirling, Stirling, UK.
Received: 26 March 2018 Accepted: 5 July 2018
References
1. Hibbs AE, Thompson KG, French D, Wrigley A, Spears I. Optimizing
performance by improving core stability and core strength. Sport Med.
2008;38:995–1008.
2. Spencer S, Wolf A, Rushton A. Spinal-exercise prescription in sport:
classifying physical training and rehabilitation by intention and outcome. J
Athl Train. 2016;51(8):613–28.
3. Silfies SP, Ebaugh D, Pontillo M, Butowicz CM. Critical review of the impact
of core stability on upper extremity athletic injury and performance. Braz J
Phys Ther. 2015;19:360–8.
4. Key J. “The core”: understanding it, and retraining its dysfunction. J Bodyw
Mov Ther. 2013;17(4):541–59.
5. Kibler WB, Press J, Sciascia A. The role of core stability in athletic function.
Sports Med. 2006;36(3):189–98.
6. Martuscello JM, Nuzzo JL, Ashley CD, Campbell BI, Orriola JJ, Mayer JM.
Systematic review of core muscle activity during physical fitness exercises. J
Strength Cond Res. 2013;27:1684–98.
7. Wirth K, Hartmann H, Mickel C, Szilvas E, Keiner M, Sander A. Core stability
in athletes: a critical analysis of current guidelines. Sport Med. 2016:1–14.
8. Behm DG, Drinkwater EJ, Willardson JM, Cowley PM. The use of instability to
train the core musculature. Appl Physiol Nutr Metab. 2010;35:91–108.
9. Briggs MS, Givens DL, Best TM, Chaudhari AM. Lumbopelvic neuromuscular
training and injury rehabilitation: a systematic review. Clin J Sport Med.
2013;23:160–71.
10. Lederman E. The myth of core stability. J Bodyw Mov Ther. 2010;14:84–98.
11. Smith BE, Littlewood C, May S. An update of stabilisation exercises for low
back pain: a systematic review with meta-analysis. BMC Musculoskelet
Disord. 2014;15:416.
12. Prieske O, Muehlbauer T, Granacher U. The role of trunk muscle strength for
physical fitness and athletic performance in trained individuals: a systematic
review and meta-analysis. Sport Med. 2016;46(3):401–19.
13. Reed CA, Ford KR, Myer GD, Hewett TE. The effects of isolated and
integrated “core stability” training on athletic performance measures: a
systematic review. Sports Med. 2012;42:697–706.
14. Willardson JM. Core stability training: applications to sports conditioning
programs. J Strength Cond Res. 2007;21:979–85.
15. Hodges PW, Richardson C. Inefficient muscle stabilization of the lumbar
spine associated with low back pain: a motor control evaluation of
transversus abdominis. Spine (Phila Pa 1976). 1996;21:2640–50.
16. Allison GT, Morris SL. Transversus abdominis and core stability: has the
pendulum swung? Br J Sports Med. 2008;42:930–1.
17. Akuthota V, Nadler SF. Core strengthening - focused review. Arch Phys Med
Rehabil. 2004;85:86–92.
18. Stanton R, Reaburn PR, Humphries B. The effect of short-term Swiss ball
training on core stability and running economy. J Strength Cond Res. 2004;
18:522–8.
19. Shinkle J, Nesser TW, Demchak TJ, McMannus DM. Effect of Core strength on
the measure of power in the extremities. J Strength Cond Res. 2012;26:373–80.
20. Gottschall JS, Mills J, Hastings B. Integration core exercises elicit greater
muscle activation than isolation exercises. J Strength Cond Res. 2012;
27(3):590–6.
21. Edwards S, Austin A, Bird SP. The role of the trunk control in athletic
performance of a reactive change-of-direction task. J Strength Cond Res.
2016;31(1):126–39.
22. Tong TK, Wu S, Nie J. Sport-specific endurance plank test for evaluation of
global core muscle function. Phys Ther Sport. 2014;15(1):58–63.
23. Faries MD, Greenwood M. Core training: stabilizing the confusion. Strength
Cond J. 2007;29(2):10.
24. McGill S. Core training: evidence translating to better performance and
injury prevention. Strength Cond J. 2010;32(3):33–46.
25. Okada T, Huxel KC, Nesser TW. Relationship between Core stability, functional
movement, and Performance. J Strength Cond Res. 2010;25(1):252–61.
26. Akuthota V, Ferreiro A, Moore T, Fredericson M. Core stability exercise
principles. Curr Sports Med Rep. 2008;7(1). https://doi.org/10.1519/JSC.
0000000000002144.
27. Hartmann H, Wirth K, Klusemann M. Analysis of the load on the knee joint
and vertebral column with changes in squatting depth and weight load.
Sports Med. 2013;43:993–1008.
28. Hellebrandt FA. Application of the overload principle to muscle training in
man. Am J Phys Med. 1958;37(5):278–83.
29. Clark D, Lambert MI, Hunter AM. Reliability of trunk muscle electromyography
in the loaded back squat exercise. Int J Sports Med. 2016;37(6):448–56.
30. Clark DR, Lambert MI, Hunter AM. Trunk muscle activation in the back and
hack squat at the same relative loads. J Strength Cond Res. 2017;1. https://
doi.org/10.1519/JSC.0000000000002144.
31. Bressel E, Willardson JM, Thompson B, Fontana FE. Effect of instruction,
surface stability, and load intensity on trunk muscle activity. J Electromyogr
Kinesiol. 2009;19:e500–4.
Clark et al. Sports Medicine - Open  (2018) 4:32 Page 9 of 10
32. Willardson JM, Fontana FE, Bressel E. Effect of surface stability on core
muscle activity for dynamic resistance exercises. Int J Sports Physiol Perform.
2009;4:97–109.
33. Nuzzo JL, McCaulley GO, Cormie P, Cavill MJ, McBride JM. Trunk muscle
activity during stability ball and free weight exercises. J Strength Cond Res.
2008;22:95–102.
34. Hamlyn N, Behm DG, Young WB. Trunk muscle activation during dynamic
weight-training exercises and isometric instability activities. J Strength Cond
Res. 2007;21:1108–12.
35. Comfort P, Pearson SJ, Mather D. An electromyographical comparison of
trunk muscle activity during isometric trunk and dynamic strengthening
exercises. J Strength Cond Res. 2011;25(1):149–54.
36. Fletcher IM, Bagley A. Changing the stability conditions in a back squat: the
effect on maximum load lifted and erector spinae muscle activity. Sport
Biomech. 2014;13(4):380–90.
37. Aspe RR, Swinton PA. Electromyographic and kinetic comparison of the
back squat and overhead squat. J Strength Cond Res. 2014;28:2828–36.
38. Bergmark A. Stability of the lumbar spine. A study in mechanical
engineering. Acta Orthop Scand Suppl. 1989;230(230):1–54.
39. Panjabi MM. The stabilizing system of the spine. Part I. Function,
dysfunction, adaptation, and enhancement. J Spinal Disord. 1992;5:383–9.
40. World Medical Association. World Medical Association Declaration of
Helsinki Ethical Principles for Medical Research Involving Human Subjects.
JAMA. 2013;310(20):2191–4.
41. Hibbs AE, Thompson KG, French DN, Hodgson D, Spears IR. Peak and average
rectified EMG measures: which method of data reduction should be used for
assessing core training exercises? J Electromyogr Kinesiol. 2011;21:102–11.
42. Prieske O, Muehlbauer T, Borde R, Gube M, Bruhn S, Behm DG, et al.
Neuromuscular and athletic performance following core strength training in
elite youth soccer: role of instability. Scand J Med Sci Sport. 2016;26(1):48–56.
43. Willardson J. Core stability training for healthy athletes: a different paradigm
for fitness professionals. Strength Cond J. 2007;29(6):42–9.
44. Hodges P, Cresswell A, Thorstensson A. Preparatory trunk motion
accompanies rapid upper limb movement. Exp Brain Res. 1999;124(1):69–79.
45. Fletcher BI. Myths and reality : training the torso. Prof Strength Cond. 2014;
33:25–30.
46. Torres-McGehee TM, Pritchett KL, Zippel D, Minton DM, Cellamare A,
Sibilia M. Sports nutrition knowledge among collegiate athletes,
coaches, athletic trainers, and strength and conditioning specialists. J
Athl Train. 2012;47(2):205–11.
47. Durell D, Pujol T, Barnes J. A survey of the scientific data and training
methods utilized by collegiate strength and conditioning coaches. J
Strength Cond Res. 2003;17(2):368–73.
48. Wade S, Pope Z, Simonson S. How prepared are college freshmen athletes for
the rigors of college strength and conditioning? A survey of college strength
and conditioning coaches. J Strength Cond Res. 2014;28(10):2746–53.
49. Taylor K-L, Chapman DW, Cronin JB, Newton MJ, Gill N. Fatigue monitoring
in high performance sport: a survey of current trends. J Aust Strength
Conditoning. 2012;20(1):12–23.
50. McBride JM, Larkin TR, Dayne AM, Haines TL, Kirby TJ. Effect of absolute and
relative loading on muscle activity during stable and unstable squatting. Int
J Sports Physiol Perform. 2010;5:177–83.
Clark et al. Sports Medicine - Open  (2018) 4:32 Page 10 of 10
